Objective: To compare the prevalence of psychosomatic symptoms and their mean scores of profiles in diabetic patients and sample of sex-age-matched healthy controls. Methods: This case-control study was conducted on 87 patients with type 2 diabetes. The control group consisted of 259 age-and gender-matched healthy participants. Psychosomatic symptoms were assessed using a comprehensive 31-item questionnaire, and psychological problems were evaluated by 12-item General Health Questionnaire and Hospital Anxiety and Depression Scale. Factor analysis, independent Student's t test, analysis of variance, and chi-square test were used for analyzing of data. Results: The frequency of 18 psychosomatic symptoms was significantly higher in diabetic patients with psychological problems compared with controls (P < 0.05), and the most frequent were "severe fatigue" (54.3%), "feeling low on energy" (48.6%), "disturbing thoughts" (45.7%), "pain in the joints" (34.3%), and "eyesore" (32.4%). There were significant differences in terms of "psycho-fatigue" (P ≤ 0.0001), "gastrointestinal" (P = 0.018), "neuroskeletal" (P = 0.001), and "pharyngeal-respiratory" (P = 0.009) profiles between studied groups. Conclusions: In conclusion, diabetic patients with psychological problems had a higher frequency of psychosomatic symptoms and also higher scores of psychosomatic disorder profiles than control participants. However, further prospective investigations are required to assess whether the psychosomatic disorder/symptom pattern was caused by conditions of diabetes disease.
Introduction
Diabetes mellitus is an important cause of global morbidity and mortality rates due to complications such as stroke, ischemic heart disease, and diabetic retinopathy, and its prevalence is increasing, particularly in developing countries [1, 2] . The World Health Organization (WHO) and International Diabetes Federation (IDF) estimated a global prevalence of 422 million people with diabetes in 2014, which is expected to increase to 642 million by 2040 [3, 4] . The national prevalence of diabetes in Iran is estimated to be 11.4%, showing a 35% increase from 2005 to 2011 [5] . Approximately 30% of diabetic patients in Iran are not aware of their disease; therefore, more attention should be paid to diabetes-related complications in Iranian patients [6, 7] .
Diabetes is associated with numerous comorbidities, including obesity, hypertension, and psychological problems [8] . Previous evidences suggested that psychological problems are common among diabetic patients, and they are at substantial risk of enhanced depression, anxiety, and stress. It is reported that depressive symptoms are two times more common in patients with diabetes; in addition, they are more susceptible to anxiety symptoms, anxiety disorders, stress reactivity, and psychological distress than population without diabetes [9] [10] [11] [12] . The detrimental effects of these comorbidities in people with diabetes can be seen in a reduced quality of life, an increased risk for micro-and macro-vascular complications, poorer self-care behavior, and early mortality [13] .
Psychosomatic or somatoform symptoms, which are defined as the presence of physical bodily complaints not fully explained by organic reasons, are common to both medical disorders and psychological problems [14, 15] . These symptoms, such as fatigue, dizziness and confusion, feeling faint, nausea, dry mouth, and appetite disturbances can all be attributable to diabetes [16] , which can further reduce the quality of life of these patients. Despite several studies that reported high levels of psychological problems among diabetic patients [9-11, 17, 18] , but rare studies have examined the frequency of psychosomatic symptoms among diabetic patients [16, 19] .
This study was conducted to report the prevalence of psychosomatic symptoms and their profiles in diabetic patients with psychological problems and diabetic patients without psychological problems, in comparison with a group of sex-age-matched healthy controls. We postulated that these psychosomatic symptoms would occur more frequently among diabetic patients than normal population.
Materials and methods

Study design and participants
This case-control study was derived from a larger population-based study called "Study of the Epidemiology of Psychological, Alimentary Health and Nutrition" (SEPA-HAN) project, which was conducted among a large sample of Iranian adult population in the Isfahan province. Data collection in the SEPAHAN study was performed in two phases. In the first step, different questionnaires that contained information on demographic, lifestyle, and dietary data were sent to 10,087 invited persons, and 8691 subjects returned the completed questionnaire (response rate 86.16%). At the second phase, information on gastrointestinal, psychological, and somatoform symptoms was recruited and 6239 returned the completed questionnaires (response rate 64.64%). Then, national identification numbers of the participants were used to link the questionnaires from both phases. In total, 87 patients with type 2 diabetes participated in the SEPAHAN project. The control sample of this study consisted of the other SEPAHAN participants, and they were paired (one-to-one) by sex and age with the type 2 diabetic patients. The control group included a total of 259 participants (three times the case group). A signed written informed consent form was obtained from all participants. The study protocol was approved by the Ethics Committee of Isfahan University of Medical Sciences, and was registered in the Iranian clinical trials website (www.irct.ir) with the registration number IR.MUI.MED.REC.1398.188. Other details about the SEPAHAN project are fully described elsewhere [20] .
Procedures and assessment of variables
Assessment of psychosomatic/somatoform symptoms
In the SEPAHAN project, a separate questionnaire was not available to assess psychosomatic symptoms; however, we found common items among questions contained in SEPAHAN's questionnaires with "the patient health questionnaire (PHQ)" [21] and "the 47-item questionnaire used in the Lacourt et al.'s study" [22] (as valid and standard tools for the assessment of psychosomatic symptoms), and established a validated questionnaire. This questionnaire includes 31 items divided into 4 domains (psychological (6 items), gastrointestinal (10 items), neuro-skeletal (9 items), and pharyngeal-respiratory (6 items)) [23] . It was used to evaluate the frequency of each psychosomatic symptom in the past 3 months experienced by study participants. Each item is based on a 4-point Likert scale (never, sometimes, often, and always). For the "dry mouth" item, the rating scale was as "never, low, and high." Content validity of this questionnaire was measured by evaluating the relevance of each item by a team of gastroenterologists, internists, and psychiatrists. We performed a separate mini survey on 100 randomly selected participants in order to assess the reliability of this questionnaire. There was a strong internal reliability based on Cronbach's alpha score of 0.903 [23] .
Assessment of psychological variables
Psychological distress The Iranian-validated General Health Questionnaire (GHQ) with 12 items was used to detect psychological distress [24] . Each item, including participants' recent particular symptoms or behavior, is based on a 4-point Likert scale (less than usual, no more than usual, rather more than usual, or much more than usual). According to a bimodal scoring style (0-0-1-1), this instrument gives scores ranging from 0 to 12 to each participant. Higher scores (4 or more) indicate a high level of psychological distress. The internal consistency was assessed by Cronbach's alpha coefficient, and it was found to be 0.87 [24] .
Hospital Anxiety and Depression Scale The Hospital Anxiety and Depression Scale (HADS) validated for Iranians was used to measure depression and anxiety of participants [25] . HADS is a self-administered questionnaire that consists of 14 items, seven for anxiety (HADS-A) and seven for depression (HADS-D). It has a 4-point scale ranging from 0 (not present) to 3 (considerable). The participant score could be between 0 and 21 points (0-7 "healthy," 8-10 "borderline," and ≥ 11 "severe") for each condition. Internal consistency which is assessed by Cronbach's alpha has been found to be 0.78 [25] .
Assessment of other variables
Information about age (year), gender, marital status (single/married), educational level (under diploma, diploma (12-year formal education), and university graduate), smoking status (non-smoker, former smoker, and current smoker), and lifestyle characteristics (weight (kg), height (m), physical activity (inactive and moderately inactive/moderately active and active) based on the General Practice Physical Activity Questionnaire (GPPAQ) [26] ) was gathered using a self-administered standard questionnaire. Body mass index (BMI) was computed as weight in kilogram divided by height in meters squared.
Statistical analysis
Profiles of psychosomatic symptoms were extracted using exploratory factor analysis (based on the principal component extraction approach and orthogonal varimax rotation procedure). Four psychosomatic symptom profiles (i.e., "psycho-fatigue," "gastrointestinal," "neuroskeletal," and "pharyngeal-respiratory") were labeled based on the loaded psychosomatic symptoms in each factor. The factor scores for each profile were computed by summing up items of psychosomatic symptoms weighted by their factor loadings and assigned to each participant. More details about the results of factor analysis on psychosomatic symptoms are presented elsewhere [14, 23] . In this study, quantitative and qualitative variables were expressed as mean (SD) and frequency (percentage), respectively. We stratified participants into three groups: "controls," "diabetic patients without psychological problems," and "diabetic patients with psychological problems." Patients with psychological problems were defined as having at least one of three common psychological problems, i.e., depression, anxiety, and psychological distress. Independent Student's t test and analysis of variance (ANOVA) were used to compare quantitative variables between case and control groups. Distribution of categorical variables was compared between study groups using the chi-square test. Data analyses were performed using IBM SPSS statistical software (version 21; IBM Corporation, Armonk, NY).
Results
Three hundred and forty-six persons participated in this study, including 87 with type 2 diabetes and 259 without (controls). The groups were homogenously distributed (P > 0.05) regarding age, sex, educational level, marital status, physical activity, smoking status, psychological distress, and depression, as shown in Table 1 . However, patients with type 2 diabetes had higher BMI (P = 0.004) and anxiety (P = 0.017) scores than controls ( Table 1) .
The prevalence of the psychosomatic symptoms among patients with type 2 diabetes and controls is presented in Table 2 . As can be seen, we separated diabetic patients without psychological problems from patients with psychological problems. Diabetic patients with psychological problems reported 18 psychosomatic symptoms significantly higher than controls (P < 0.05), including sleep disorder, pounding heart, feeling low on energy, feeling like "butterflies" in the stomach, difficulty concentrating, disturbing thoughts, dry mouth, chest pain, pain or discomfort in the abdomen, pain in the joints, eyesore, severe fatigue, dizziness and confusion, chills and extreme cold, hot flashes, globus sensation, shortness of breath, and wheezing (asthma). In the "often/always" level, the commonest psychosomatic symptoms reported among diabetic patients with psychological problems were "severe fatigue" (54.3%), "feeling low on energy" (48.6%), and "disturbing thoughts" (45.7%), followed by "pain in the joints" (34.3%) and "eyesore" (32.4%). In the "sometimes" level, the commonest psychosomatic symptoms reported among diabetic patients with psychological problems were headaches (57.6%) and sleep disorder (54.3%), followed by chest pain (52.9%) and difficulty concentrating (51.4%). There were significant differences between diabetic patients without psychological problems and controls in terms of dry mouth and bloating or swelling of the abdomen (P < 0.05) ( Table 2) .
Four extracted profiles using exploratory factor analysis on psychosomatic symptoms were labeled as psycho-fatigue, gastrointestinal, neuro-skeletal, and pharyngeal-respiratory, which accounted for 12.4%, 12.3%, 11.4%, and 9.3% of the total variance, respectively (Table 3) [14] . Table 4 presents the mean scores of four psychosomatic symptom profiles in diabetic patients and controls. As can be seen, the mean (SD) of psycho-fatigue (10.32 (3.39) vs. 9.33 (3.04), P = 0.015), gastrointestinal (13.10 (3.41) vs. 12.30 (2.95), P = 0.072), neuro-skeletal (15.68 (4.44) vs. 14.84 (4.13), P = 0.142), and pharyngealrespiratory (9.32 (1.89) vs. 8.72 (1.98), P = 0.009) profiles was higher in diabetic patients compared to controls.
According to Table 4 , there were significant differences in terms of psycho-fatigue (P ≤ 0.0001), gastrointestinal (P = 0.018), neuro-skeletal (P = 0.001), and pharyngealrespiratory (P = 0.009) profiles between the three studied groups (diabetic patients with psychological problems, diabetic patients without psychological problems, and controls). Based on the Bonferroni post hoc test, as can be seen, the mean of all psychosomatic symptom profiles was higher in diabetic patients suffering from each psychological problem than in the control group (Table 4 ). The mean scores of the neuro-skeletal profile in diabetic patients with anxiety and/or depression were significantly higher than those in patients without the problems (P < 0.01). In addition, as it was expected, the mean scores of the psycho-fatigue profile in diabetic patients with anxiety, depression, and/or psychological distress were significantly higher than those in patients without the problems (P < 0.01). However, there is no significant difference in terms of the gastrointestinal profile between diabetic patients with psychological distress, diabetic patients without psychological distress, and controls (P = 0.175; Table 4 ).
Discussion
This case-control study among patients with type 2 diabetes and a control group of participants without diabetes demonstrated that diabetic patients particularly those with psychological problems had a significantly higher prevalence of psychosomatic symptoms and total score of psychosomatic symptom profiles than controls. We found that the scores of psychofatigue, gastrointestinal, neuro-skeletal, and pharyngeal-respiratory profiles among diabetic patients with psychological problems were significantly higher than those among the control group and among diabetic patients without psychological problems. In addition, the results showed that gastrointestinal and neuro-skeletal symptoms among diabetic patients with anxiety were more prominent. The majority of previous studies were restricted to the investigation of the prevalence of psychological problems among diabetic patients [27] [28] [29] [30] [31] . A few studies have examined the distribution of psychosomatic symptoms among diabetic patients, which include a few psychosomatic symptoms or an overall score of somatization [16, 19] . In the present study, not only the most important psychosomatic symptoms in groups with and without diabetes were compared, but also the distribution of distinct profiles of psychosomatic symptoms (extracted from factor analysis) among diabetic patients with and without psychological problems and controls was compared.
In the current study, "headache, severe fatigue, feeling low on energy, pain in the joints, and dry mouth" were the commonest psychosomatic symptoms reported among diabetic patients without psychological problems; however, there were significant differences between diabetic patients without psychological problems and controls only in terms of dry mouth. In Aikens' study, "anenergia, memory problems, overeating, numbness, reduced libido, weakness, and Values are number (%). P value from Pearson χ faintness/dizziness" were more frequently of somatic complaints reported by diabetic patients [16] . According to our results, diabetic patients with psychological problems reported several psychosomatic symptoms significantly higher than controls, and severe fatigue, feeling low on energy, disturbing thoughts, pain in the joints, and eyesore were more frequently reported among them. In this regard, there are evidences suggesting that the experience of high psychosomatic disorder/symptom burden is strongly associated with adverse mental health conditions such as anxiety, depression, or low self-perceived health [19, 32, 33] .
Our study showed significantly higher scores of psycho-fatigue and pharyngeal-respiratory profiles in patients with diabetes than in controls, and also, diabetic patients with psychological problems had higher scores of two aforesaid profiles. In the current study, the psycho-fatigue profile is characterized by sleep disorder, pounding heart, feeling low on energy, feeling like "butterflies," difficulty concentrating, and disturbing thoughts symptoms and the pharyngeal-respiratory profile characterized by dry mouth, neck pain, globus sensation, having trouble swallowing, shortness of breath, hoarseness, and wheezing (asthma) symptoms. According to the results of the cohort study by Baumert et al., the mean somatic symptom score was higher for the type 2 diabetes group than for non-cases of diabetes [19] . In the aforesaid study, the somatization score was established based on stomach or bowel pain, back pain, pain in the joints, headaches or pressure in the head, temporary shortness of breath, dizziness, feeling tired, and insomnia symptoms [19] . In addition, they showed that the risk for type 2 diabetes increased by a hazard ratio (HR) of 1.03 for a one unit increase of the somatization score [19] . As it was mentioned, previous studies showed that psychological problems are common among diabetic patients [9] [10] [11] [12] . It is believed that high prevalence of psychological symptoms among diabetic patients is related to poor glycemic control, diabetes complications, worsened prognosis, and quality of life [34] . Our results showed significantly higher scores of neuro-skeletal profile (characterized by headache, back pain, pain in the joints, eyesore, severe fatigue, dizziness and confusion, chills and extreme cold, and hot flashes) in diabetic patients with psychological problems (especially among diabetic patients with anxiety and depression) than in controls. It is showed that diabetic patients may develop several musculoskeletal symptoms, because of the severity and duration of the disease, so that these conditions may affect the joints, soft tissues, nerves, muscles, or tendons [35] . It seems that some of these conditions stem from other complications of diabetes, such as peripheral neuropathy, and others seem to be directly caused by the metabolic abnormality, with direct glycosylation damaging tissues [35] .
Our study showed significantly higher scores of gastrointestinal profile (characterized by chest pain, feeling of fullness, nausea, gastroesophageal reflux, pain or discomfort in the abdomen, constipation, diarrhea, bloating or swelling of the abdomen, anal pain) in diabetic patients with anxiety and depression than in controls and other diabetic patients. It is reported that gastrointestinal symptoms occur more frequently in both type 1 and type 2 diabetic patients, who exhibit higher levels of psychosocial problems [36, 37] ; psychological disorders, including anxiety and depression, are strongly associated with gastrointestinal symptoms [37] . On the other hand, acute changes in blood glucose concentration affect gastrointestinal motor function and increase perceptions of nausea, fullness, and bloating [37, 38] . 
Strengths and limitations
It is important to recognize some strengths, as well as potential limitations of the present study. A major strength of our study is the investigation of several psychosomatic symptoms as well as their profile scores. Therefore, not only we considered them separately, but also we investigated a composite measure of them. Additionally, as far as we know, this is the first study that investigates the distribution of a wide spectrum of psychosomatic symptoms in diabetic patients compared to controls. Several limitations need to be considered when interpreting our findings. It should be emphasized that all used information in the present analysis were collected by self-administered questionnaires, and this method of data collection might lead to misclassifying the participants. In addition, the psychosomatic symptoms in our study can only be characterized as indicative of somatization. Finally, future studies would benefit from a larger diabetes patient sample, which would provide the more precise results.
Conclusion
In conclusion, diabetic patients had a higher frequency of psychosomatic symptoms than control participants. Diabetic patients with psychological disorders reported a greater frequency of sleep disorder, chest pain, and difficulty concentrating. Also, we found that the scores of psycho-fatigue, gastrointestinal, neuro-skeletal, and pharyngeal-respiratory profiles among diabetic patients with psychological problems were significantly higher than those among the control group. These findings could be an indication of the key role of psychological problems in diabetes. However, further research is needed to assess whether the psychosomatic disorder/ symptom pattern was caused by conditions of diabetes disease. 
